Several studies have reported that ABO blood group, hepatitis B virus (HBV) and hepatitis C virus (HCV) infection contribute to the development of pancreatic cancer. The aim of this study was to evaluate the association between these factors and pancreatic cancer in the Korean population. We retrospectively recruited 753 patients with pancreatic cancer and 3,012 healthy controls, matched 4 to 1 with cancer patients for age and sex, between 2001 and 2011, at the National Cancer Center, Korea. A multivariate logistic regression analysis was employed to estimate adjusted odds ratios (AORs). The AOR for pancreatic cancer in subjects with non-O blood types (A, AB, and B), compared to blood type O, was 1.29 (95% CI, 1.05-1.58; P = 0.01). Seropositivity for hepatitis B virus surface antigen was not significantly related to pancreatic cancer, either in univariate (odds ratio 1.03; 95% CI, 0.69-1.53; P = 0.91) or multivariate analysis (AOR, 1.02; 95% CI, 0.67-1.56; P = 0.93). The AOR for pancreatic cancer in subjects displaying seropositivity for anti-HCV was 2.30 (95% CI, 1.30-4.08; P < 0.01). Our results suggest that the non-O blood types and anti-HCV seropositivity, but not HBV infection, may increase the risk of developing pancreatic cancer in Korea, where HBV is endemic. The present study was partly supported by grants from the National Cancer Center, Korea (Grant numbers 0910220).
INTRODUCTION
Pancreatic cancer is estimated as the ninth most frequent cancer and fifth most common cause of cancer-related death in Korea (1) . Ductal adenocarcinoma accounts for 85% to 90% of pancreatic tumors (2) . Pancreatic cancer is rarely diagnosed before 45 yr of age, but its occurrence rises sharply thereafter. The incidence of pancreatic cancer is higher in men than women, and in Africans, compared with the Caucasian population (3) . Prognosis for patients with this disease is extremely poor, with a 7.6% 5-yr survival rate in Korea (1), mainly due to unresectable disease in 80%-90% of patients at the time of diagnosis (4) . Pancreatic cancer patients seldom exhibit disease-specific symptoms until late in the course of disease progression, and the impact of standard therapy is thus limited.
While the etiology of pancreatic cancer remains to be established, several known genetic and environmental factors are associated with its development. So far, risk factors accounting for up to 30% of the disease have been established (5) . Among the few risk factors identified to date, cigarette smoking is the most consistent (6) . Current smokers are at approximately double the risk as non-smokers, with a trend towards increasing risk according to the frequency or duration of smoking exposure (5) .
Inconsistencies in the patterns of cigarette smoking and incidence between different countries, as well as the low relative risk, suggest that the disease is only partly attributable to smoking (up to 20%), and therefore, other risk factors are likely to be important. Diabetes mellitus (7) and chronic pancreatitis (8) are additional predisposing factors of the disease. However, diabetes as a result of pancreatic cancer development is not infrequent, and chronic pancreatitis explains only less than 3% of pancreatic cancer cases. An association with obesity has been reported (9) , but the effects of dietary factors and physical activity are currently unclear. Genetic susceptibility plays a role, with some cases being familial or related to hereditary melanoma, Peutz-Jeghers syndrome, hereditary breast or ovarian cancer, familial pancreatitis, or hereditary nonpolyposis colon cancer (10) . Hereditary factors, such as germline mutations, account for only about 10% of the total burden of pancreatic cancer (11) .
Recent research has reawakened interest in several additional factors. Earlier studies have reported a higher association of pancreatic cancer with the non-O blood groups, compared to O (12) (13) (14) (15) (16) . A report based on a large, prospective study involving almost one million subjects with years of follow-up showed a link between ABO blood type and pancreatic cancer (13) . In agreement with several previously published smaller-scale stud- (17, 18) . However, the findings to date are inconsistent, and the exact mechanism linking pancreatic cancer and blood groups is currently unclear. Therefore, further investigation of these risk factors is warranted to determine their significance in pancreatic cancer.
The principal aim of this study was to evaluate the possible association between ABO blood type and pancreatic cancer in Korea. We further assessed whether HBV and HCV infections are associated with pancreatic cancer risk.
MATERIALS AND METHODS
In total, 753 patients with pancreatic cancer and 3,012 healthy controls, matched 4 to 1 with pancreatic cancer patients for age and sex, were retrospectively recruited at the National Cancer Center, Korea, between 2001 and 2011. Our subjects included patients with newly diagnosed pancreatic adenocarcinoma who were evaluated and treated at the National Cancer Center, Korea. Inclusion criteria included clinical or pathological diagnosis of pancreatic ductal adenocarcinoma. Clinical diagnosis was based on typical radiologic and clinical findings. Causes of death were ascertained by linking the study patients with the National Death Certificate Database of Korea. Exclusion criteria were presence of other types of pancreatic neoplasm, such as neuroendocrine tumor or intraductal mucinous neoplasm of pancreas. Among the 2,243 eligible pancreatic cancer patients in the hospital database, 753 (34%) had a historical or current ABO blood group available, of which 625 (83%) cases were pathologically confirmed adenocarcinoma. Data on sex, age at diagnosis of cancer, follow-up time after diagnosis, and tumor staging were collected from electronic medical records.
Eligible control subjects were selected from individuals in the Cancer Screening Cohort, who were subjected to routine health examinations at the Center for Cancer Prevention and Detection of National Cancer Center, Korea, between 2001 and 2011. In total, 3,012 healthy subjects were included. Control patients were randomly selected from these subjects and matched 4:1 with pancreatic cancer patients by age, sex, and date of admission or visit. Case and control frequencies were matched by age (± 5 yr) and sex. As part of the health maintenance examination, controls underwent laboratory tests, including tests for HBsAg, anti-Hbs antibody, anti-HCV antibody, ABO blood type, chest radiography, upper endoscopy, occult blood in stool, and abdominal sonography and/or contrast-enhanced computed tomography (CT). Women were additionally subjected to mammography and cervical smear.
We retrospectively reviewed data, including age, sex, use of tobacco, and diabetes, but were unable to obtain reliable information on pre-diagnosis body mass index, personal or family history of cancer, and alcohol use. The chemiluminescent microparticle immunoassay (Abbott Laboratories, Chicago, IL, USA) was used as a screening test for the presence of HBsAg in blood. The presence of antibodies to HBsAg (anti-HBs) and HCV (anti-HCV) was detected using a chemiluminescent immunoassay (Siemens Healthcare Diagnostics, Chicago, IL, USA). Chronic HBV and HCV infection were defined as the presence of HBsAg and anti-HCV antibodies, respectively. The demographic characteristics and proportions of potential risk factors (including smoking and diabetes) were compared among patients and controls. The t-test was used to compare means of continuous variables between patients and controls, and the chi-square test applied to compare proportions. Multivariate logistic regression analyses, including age, gender, smoking history and diabetes, were performed to estimate the adjusted odds ratios (AOR). For each factor, we calculated the AOR and 95% confidence interval (CI) using maximum likelihood estimation. Overall survival (OS) was defined as the time from initiation of treatment to the date of death. OS were assessed by the Kaplan-Meier method, and 95% CI for the median time to an event were calculated.
Ethics statement
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RESULTS
The mean age (± standard deviation) of pancreatic cancer patients was 62.3 ± 9.7 yr and 59.7 ± 7.5 yr for controls. The majority of study subjects were male (62.1%). Table 1 presents the ABO blood group distribution of 753 pancreatic cancer patients, compared with ABO groups of the 3,012 healthy controls. The frequency distribution patterns of ABO blood groups of controls in the current study were similar to those of Korean blood donors reported in the Korea Health and Welfare White Paper (1995).
Compared with blood type O, the odds ratios (95% CI) in univariate analysis were 1.25 (1.04-1.53; P = 0.02) for non-O (A, B, or AB) groups after adjusting for age and gender (Table 2) . AOR for pancreatic cancer in subjects with non-O blood types was 1.29 (95% CI, 1.05-1.58; P = 0.01). The odds ratios in univariate analysis were determined as 1.36 (1.10-1.68; P = 0.03) for blood type A, 1.21 (0.91-1.60; P = 0.76) for type AB, and 1.15 (0.92-1.44; P = 0.79) for type B, compared with blood type O, after adjusting for age and gender. The AORs for pancreatic cancer in subjects with blood types A, AB, and B were 1.36 (1.09-1.71; P = 0.08), 1.29 (0.96-1.74; P = 0.47), and 1.20 (0.94-1.52; P = 0.94), respectively. Seropositivity for HBsAg was not significantly related to pancreatic cancer, either in univariate (Odds ratio 1.03; 95% CI, 0.69-1.53; P = 0.91) or multivariate analysis (AOR, 1.02; 95% CI, 0.67-1.56; P = 0.93) ( Table 2 ). The AOR for pancreatic cancer in subjects with seropositivity for anti-HCV was 2.30 (95% CI, 1.30-4.08; P < 0.01). Other risk factors for pancreatic cancer included presence of diabetes (AOR, 2.70; 95% CI, 2.20-3.31; P < 0.01) and smoking (AOR, 1.47; 95% CI, 1.16-1.86; P < 0.01).
TNM stages of pancreatic cancer in the present study grouped by blood type are shown in Table 3 . No significant differences in the TNM stages of tumors among patients with various blood groups were evident (P = 0.413). The median survival times in subjects with blood groups A, B, AB and O were 9.1, 9.6, 7.4, and 7.8 months, respectively, which were not significant, as indicated by the log-rank test (P = 0.106). In addition, we observed no marked differences in survival times between the non-O (A, B and AB) and O blood groups (P = 0.428).
DISCUSSION
Studies performed several decades ago initially suggested an association between blood type A and increased risk of pancreatic cancer, compared to blood groups O or B (19) (20) (21) . However, increased pancreatic cancer risk in blood group B patients among 224 cases was observed, compared with a randomly selected group of patients admitted with nonmalignant diseases and blood donors in a more recent study (22) . Results from two large, independent prospective cohorts of Caucasians from the United States suggested that compared with blood group O subjects, those with non-O blood types (A, AB or B) were more likely to develop pancreatic cancer (13) . Similarly, in two large case-control studies on Chinese patients, blood group O was associated with a lower incidence of pancreatic cancer, compared with blood groups A and AB (16, 23) . In the current investigation involving a large case-control Korean study, patients with blood group O had a lower incidence of pancreatic cancer, compared to those with non-O blood groups, consistent with previous reports. To our knowledge, this is the first study showing a correlation between blood group O and pancreatic cancer development in the Korean population.
ABO blood group antigens are widely distributed throughout the body in addition to their regular occurrence on the red blood cell surface. The ABO phenotype may be associated with risk of gastric cancer, gastric and duodenal ulcer, chronic atrophic gastritis, as well as pancreatic cancer (24) . Human pancreatic cancer has been shown to express either A or B antigens corresponding to the individual blood group (25) or lose blood group antigen expression in 80% of the cases (26) . Deletion of A, B, H or Lewis antigens and incompatible expression of A or B antigens has been reported as a cancer-associated event in the pancreas (27) . Incompatible expression of blood group-related antigens is observed in pancreatic cancer cells, compared with patient blood group type, indicating that Lewis antigen expression in pancreatic cancer is independent of the blood group phenotype and may be useful as a tumor marker (28) . A recent genomewide association study revealed an association of a particular ABO locus on chromosome 9q34 with susceptibility to pancreatic cancer (29) . This SNP maps to the first intron of the ABO blood type gene. However, limited information is currently available on the role of ABO blood group antigens in pancreatic cancer risk in Korea.
Recently, a retrospective analysis based on the surgical database at Washington University in St. Louis showed that ABO blood type does not affect overall survival among patients with resected pancreatic adenocarcinomas (30) . However, among Chinese patients subjected to potentially curative operation, the median survival time of individuals with blood group O was significantly longer than that of those with non-O blood groups (16) . The earlier study was limited to a population with resectable disease, accounting for only 10%-20% of patients with pancreatic cancer. Our data showed no association between ABO blood type and overall survival in patients with locally advanced and metastatic disease, as well as resected pancreatic cancer. This result suggested that ABO blood type is not associated with the risk for progression in pancreatic cancer.
The HBV antigen has been detected in the pancreatic acinar cells and pancreatic juice in patients with viral replication in the liver (31, 32) . One hypothesis is that HBV can infect and replicate in human pancreatic cells and function in the oncogenesis of pancreatic carcinoma. However, it is not clear from a biologic viewpoint why resolved or occult HBV infection is associated with elevated pancreatic cancer risk. Previous epidemiological analyses have reported conflicting results on the relationship between chronic HBV infection and development of pancreatic cancer (17, 23, (33) (34) (35) . Korea is one of the known endemic areas for chronic hepatitis B infection, and seropositivity of HBsAg was estimated as 7% to 9% in the 1980s, with about 60% to 70% of adults showing evidence of present or past HBV infection (36) . Epidemiological findings based on the 1998 Korea National Health and Nutrition Survey disclosed HBsAg seropositivity of 5.1% in males and 4.1% in females aged 10 yr or over. This figure was similar among patients with pancreatic cancer and control subjects, resulting in AOR for HBsAg positivity of 1.02 (95% CI, 0.67-1.56; P = 0.93). Further studies are required to confirm this finding, and the potential association between hepatitis B viral infection and pancreatic cancer, although interesting, should be interpreted with caution.
A retrospective cohort study reported that risk of pancreatic cancer is slightly elevated in patients with HCV, which is attenuated after adjusting for alcohol use, pancreatitis, and other variables (18) . In the present case-control study, the AOR for pancreatic cancer in subjects with seropositivity for anti-HCV was 2.30 (95% CI, 1.30-4.08; P = 0.004). However, the biological rationale explaining the association between HCV infection and pancreatic cancer is yet to be established. Serum levels of pancreatic enzymes have been shown to increase with liver disease progression in patients diagnosed with viral hepatitis (37, 38) . However, we were limited in terms of our ability to confirm HCV infection based on the presence of serum HCV RNA. Serological assays designed to detect antibody to HCV are associated with a high degree of false positivity in regions with low prevalence and low-risk populations. We were additionally restricted in our ability to adjust for alcohol use, a potential risk factor for pancreatic cancer. These factors may be confounders of the association between HCV and pancreatic cancer. Interestingly, the risk of pancreatic cancer in patients with anti-HCV seropositivity was not attenuated after adjusting for smoking and diabetes, which are known risk factors for the disease. Additional epidemiological studies focusing on the association of HCV with pancreatic cancer are therefore necessary.
Our results collectively suggest that non-O blood types and seropositivity for anti-HCV, but not HBV infection, may increase the risk of developing pancreatic cancer in Korea, where HBV is endemic. Further research is necessary to define the mechanisms by which ABO blood type or closely linked genetic variants influence pancreatic cancer risk in Korea.
